ABSTRACT PURPOSE: To evaluate rotational stability and its influence on postoperative visual acuity of different monofocal and multifocal toric intraocular lenses (IOLs).
RESULTS:
Postoperative UDVA was 0.1 logMAR or better in 64.6% of eyes implanted with monofocal IOLs and 46.4% of eyes implanted with multifocal IOLs. The enVista toric IOL showed the best UDVA compared to the other monofocal IOLs, with 81% of eyes with 0.1 logMAR or better. The mean misalignment in the total group studied was 0.07° ± 0.60°; 69.6% of monofocal IOLs and 67.9% of multifocal IOLs showed less than 5° of rotation. A correlation was found between postoperative UDVA and rotation in the monofocal and multifocal IOLs implanted (r = 0.439 [P < .011] and = 0.787 [P = .001], respectively).
CONCLUSIONS: At 1 month postoperatively, UDVA was slightly more affected by IOL rotation in multifocal than monofocal toric IOLs. The marking method was also effective.
[J Refract Surg. 2015;31(2): 90-97.] ne of the main challenges in astigmatism-correcting IOLs is ensuring precise alignment on the patient's axis of corneal astigmatism and rotational stability after IOL implantation. 1, 2 The slightest variation in alignment will mean that the patient will develop a postoperative astigmatism on a different axis to that of the preoperative astigmatism. 3 To determine the optimal position for accurate IOL alignment, several methods have been proposed in which ink marks are placed on the corneal limbus. [4] [5] [6] [7] [8] [9] In some of these systems, corneal marks are placed under monocular vision (occluding one eye) to avoid the convergence produced when the patient fixates on a near target, or most often under the slit lamp with no fixed viewing position. However, none of these methods consider the possibility of cyclotorsion in monocular viewing conditions as described in previous studies. 9, 10 On the other hand, if the marks are made binocularly, the convergence produced when the patient views a near object is not corrected.
Regarding rotational stability, there are several studies on monofocal toric IOLs with follow-up between 1 and 6 months, where the lens position remained stable from 1 month onward. 1, 2, [11] [12] [13] Both misalignment (differences between preoperatively calculated IOL position and real IOL position just after surgery) and rotation (differences between real IOL position just after surgery and IOL position at postoperative follow-up visits) are critical to a successful surgery in terms of visual quality. If the IOL rotates 15° off axis after surgery, there will only be half correction of the power and the resultant cylinder will be shifted to a new axis. 3 If a multifocal toric IOL was implanted, the rotation, misalignment, or both will probably worsen uncorrected distance visual acuity (UDVA) compared to a monofocal toric IOL; however, there Implantation of Monofocal & Multifocal Toric IOLs/Garzón et al are few studies on multifocal toric IOLs and their rotational effects. [14] [15] [16] To the best of our knowledge, no previous studies have been conducted to compare rotational stability and its effect on postoperative residual astigmatism between multifocal and monofocal toric IOLs. Therefore, the main objective of this study was to evaluate if there are differences in rotational stability between different monofocal and multifocal toric IOL platforms and its influence on uncorrected postoperative visual acuity. The second objective was to evaluate the effectiveness of a new marking method for reducing misalignment.
PATIENTS AND METHODS
A prospective interventional study was conducted including 91 patients (91 eyes) with a mean age of 71.65 ± 11.82 years (range: 27 to 95 years). Patients were implanted with toric IOLs in one or both eyes at the Instituto de Oftalmología Avanzada of Madrid during 2013. If a patient had a cataract in both eyes and if each lens calculation indicated the need for a toric lens, then only one eye from that patient was included in the study. Each eye was randomly selected. If a patient had a cataract in both eyes but only one eye needed a toric lens, that eye was included in the study. If a patient required a toric lens in only one eye because the other had no cataract or was pseudophakic, that eye was included in the study. In all cases, the patients recruited met all inclusion requirements.
All patients participated voluntarily in the study and were free to withdraw at any time. Informed consent was signed by all patients after the nature of the study and risks of participation were explained. The study was conducted in accordance with the tenets of the Declaration of Helsinki 17 and was approved by the Ethics Committee of the Instituto de Oftalmología Avanzada of Madrid. Detailed demographic characteristics of the study population are shown in Table 1 .
The inclusion criteria to participate were: an expected postoperative corrected distance visual acuity (CDVA) of 0.3 logMAR or better, anterior corneal astigmatism of 1.00 D or greater, and total astigmatism (anterior and posterior corneal astigmatism) of 0.50 D or less, with respect to the anterior astigmatism. The patients were required to have no corneal irregularities when examined under slit lamp or when examined topographically, and to show no observable macular alterations following optical coherence tomography. No patient was included who showed corneal or macular abnormalities, who required a follow-up different to that outlined in the protocol used at the center (either before or after surgery), or who required a suture.
Prior to surgery, topography with the OPD II Scan (Nidek, Hiroishi, Japan), Pentacam (Oculus Optikgeräte GmbH, Wetzlar, Germany), laser interference biometry IOLMaster (Carl Zeiss Meditec, Jena, Germany), optical coherence tomography with the Cirrus platform (Carl Zeiss Medictec), slit-lamp examination, refraction, and CDVA were performed. Postoperative visits were scheduled at 1 day, 1 week, and 1 month after surgery. Topography, slit-lamp examination, refraction, and UDVA and CDVA were performed 1 month postoperatively.
We used the Alpins method for calculating astigmatism. The Alpins method uses three fundamental vectors: target-induced astigmatism, surgically induced astigmatism, and the difference vector. The targetinduced astigmatism is the astigmatic change (by magnitude and axis) that the surgery is intended to induce and the surgically induced astigmatism is the amount and axis of astigmatic change the surgery actually induces. The difference vector is the induced astigmatic change (by magnitude and axis) that would enable the initial surgery to achieve the intended target.
IOLs
Three 
MarkIng MethOd
During the preoperative preparation of the patient, two marks were placed at the limbus using a finetipped gentian violet marker (Devon Skin Marker, Fine Tip 151; Covidien, Dublin, Ireland) on the horizontal axis (0° to 180°) at the 9-and 3-o'clock positions under slit-lamp observation ( Figure 1A) . A photograph was taken of the patient standing 2.5 m or more from the camera, with the head in normal position without the use of a chinrest or other support. Both eyes were open, thus avoiding the cyclotorsion that can occur if one is closed. Images were taken at a distance that avoided cyclotorsion when looking at a close object. The position of the marks made by the surgeon were measured on the image acquired. Thus, once a patient was supine, the exact position of the mark (made with violet blue) was known, independent of any cyclotorsion that might take place.
The camera used was a Coolpix P90 (Nikon, Tokyo, Japan), with a 26.0-to 624.0-mm lens (at 35 mm), a charge-coupled device of 12.10 effective megapixels, and a 324 (optical)/34 (digital) zoom. The camera was placed on a tripod and connected to a bubble level to ensure the photograph was perfectly aligned. The camera lens was positioned at eye level and at 2.5 m or more. The optical zooming option allowed us to simultaneously photograph both eyes. The photograph was then exported to a computer equipped with software that enables precise angle measurements by means of the Scale 2.0 package (free software, http:// www.sgrillo.net/scale.htm; Ricardo Sgrillo, Campinas, Brazil).
On the photograph, the angle the corneal marks form with the horizontal line that transects the corneal reflex was measured (Figures 1B-1C) . This gives the exact position of the marks and their angular difference with respect to the "real" 0° to 180° line. With the patient lying down, using the Méndez ring and taking reference of the previous marks, the axis was to be aligned with the IOL's index marks, considering the angle difference observed in the photographic measurements was marked. The preoperative image and last photograph obtained during surgery showing the final axis position of the IOL were compared to calculate the misalignment due to the marking method. To assess the rotation in the different follow-up visits, another photograph was taken 1 hour and 1, 7, and 30 days after surgery. (eyes) 91 (91) 28 (28) 21 (21) 14 (14) 28 (28 
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A triangulation method was used for measuring the rotation. This required the determination of the limbal edge, the determination of the IOL edge (optical zone), one reproducible marker (eg, a vessel crossover, a pupil mark) on the eye, and the marks on the IOL. The IOL diameter is the same whatever the distance of the slit lamp to the eye, allowing the distance measured to be harmonized between one photograph and another. The triangle is formed by the IOL center, IOL mark, and biometric marker (eg, a vessel crossover). The change in triangle rotation determines the IOL rotation. Clockwise rotation was counted as positive rotation and anti-clockwise rotation as negative rotation.
CataraCt surgery PrOCedure
All surgeries were performed by the same experienced surgeon. The cylinder power and axis were calculated using the software provided by the manufacturers and taking into account the keratometric readings measured with a topographer. Phacoemulsification was performed through a 2.2-mm clear corneal incision. The astigmatism induced by the surgeon (FP) was previously known. The lenses were introduced via a 2.2-mm incision and the surgeon induced an astigmatism of 0.1 D in the right eye (temporal incision). In the left eye, the superior incision produced an astigmatism of 0.2 D. This was taken into account when the power of the lenses to be implanted was calculated.
In any case, it was necessary to open the incision for inserting the foldable IOL with the injector. To shield the corneal endothelial cells, a dispersive viscoelastic (Viscoat; Alcon Laboratories, Inc.) was first injected into the anterior chamber followed by another cohesive viscoelastic (Amvisc Plus; Bausch & Lomb) injected below the first one. The incision was not sutured and the eyes were not patched.
statIstICaL anaLysIs
Data were analyzed by SPSS version 17.0 (SPSS, Inc., Chicago, IL) for Windows. The values presented are the mean ± standard deviation of the values obtained. Normality of distribution was assessed using the Kolmogorov-Smirnov test. One-way repeated measure analysis of variance was used to assess the trend of IOL rotation during postoperative follow-up visits. Student's t test for related samples was used to compare preoperatively calculated IOL position with IOL position just after surgery (misalignment). To correlate rotation (absolute values) at 30 days and misalignment values with UDVA and astigmatism postoperative power, Pearson bivariate regression was used. A P value of less than .05 was considered statistically significant.
RESULTS
Detailed demographic characteristics of the study population are shown in Table 1 . All postoperative results regarding visual acuity, refraction, and rotation are shown in Table 2 .
Postoperative (Figure 2) .
Mean CDVA showed a statistically significant increase after IOL implantation in all lenses studied. The mean preoperative CDVA was 0.19 ± 0.17 (range: 0.01 to 0.82) and mean postoperative CDVA was 0.02 ± 0.05 (range: 0.00 to 0.30) (P < .05; Student's t test).
The mean spherical equivalent for all patients decreased after surgery to -0.10 ± 0.51 D (range: -1.25 to 2.38 D) and was statistically significant compared to mean preoperative spherical equivalent (P < .05; Student's t test), but no differences were found with the mean targeted spherical equivalent, which was -0.03 ± 0.40 D (range: -1.95 to 0.75 D). The mean difference between targeted spherical equivalent and mean postoperative spherical equivalent was -0.07 ± 0.46 D, and no significant differences were seen between the postoperative spherical equivalent and the targeted value programmed after performing the lens calculation. No statistical differences were found between the IOLs implanted, the enVista being the lens with the highest mean spherical equivalent and the AcrySof IQ ReSTOR toric IOL with the lowest mean spherical equivalent after surgery.
Mean cylinder decreased in all patients from 2.03 ± 0.86 D to 0.61 ± 0.57 D after surgery. Statistical differences were found for all lenses studied (P < .05; Student's t test). Postoperative cylinder between plano and 0.50 D was found in 73.3% and 43.9% of eyes with monofocal and multifocal IOLs, respectively (Figure B, available in the online version of this article). The enVista IOL showed more eyes with postoperative cylinder between plano and 0.50 D than the other monofocal toric IOLs studied, with more than 80% of eyes within this range (Figure 3) .
A new marking method was also evaluated in this study. The misalignment was the difference between preoperatively and postoperatively calculated IOL positions. The mean misalignment in the total group studied was 0.07° ± 0.60° (range: -2.00° to 3.00°). Rotation of the lenses was measured 1 hour and 1, 7, and 30 days after surgery. Figure C (available in the online version of this article) shows rotation values of the monofocal and multifocal IOL implanted at the different follow-up visits. No statistical differences between visits were found between monofocal and multifocal IOLs (P > .05; one-way repeated measure analysis of variance).
One hour after surgery, the lens that showed the most rotation was that with the plate design (Lentis LT). The enVista lens was the most stable and the only one to show anti-clockwise rotation; all of the others showed clockwise rotation (Figure 4) .
At 30 days postoperatively, 69.6% of monofocal IOLs and 67.9% of multifocal IOLs showed less than 5° of rotation. Fifteen (18.9%) eyes implanted with At 30 days postoperatively, 90.5% of eyes implanted with the enVista toric IOL showed less than 5° of rotation, whereas the figures for the AcrySof IQ toric IOL and Lentis LT IOL were 64.3% and 64.6%, respectively. More than 10° of rotation was observed in 21.4% of eyes with the AcrySof toric IOL, 9.5% with the enVista toric IOL, and 14.28% with the Lentis LT IOL.
There was a correlation between postoperative UDVA and postoperative cylinder power in the monofocal and multifocal IOLs implanted (r = 0.807, P < .001 and r = 0.631, P < .001, respectively), between postoperative UDVA and rotation 30 days after the surgery in multifocal IOLs (r = 0.787, P = .001), and between postoperative UDVA and rotation 30 days after surgery in eyes implanted with monofocal IOLs (r = 0.439, P = .011).
DISCUSSION
In this study, a new toric IOL marking method was proposed that minimizes patient movement errors by having the patient sitting or standing while adopting a normal head position. The marks were made at a distance at which there should be no convergence in bilateral viewing conditions, avoiding possible monocular cyclotorsion. The main error of all available methods published to date was regarding the marking because the general idea was that those marks performed in the 0° to 180° axis corresponded just to that meridian. It is almost impossible to avoid the typical patient reflex of small eye movements, eyes closing, or head turning when seeing the marker approaching. These changes can generate errors of up to 15° and therefore will affect the final refraction after surgery.
The main advantage of the marking method described in the current study compared to existing ones was the checking of the real axis marked with gentian violet, thus providing accurate and precise marks of the real axis instead of relative position marks.
Seventy-five percent of patients did not present misalignment and only 3 of 91 patients had 2° or more of misalignment. In the comparison of the theoretical position of the toric lens (obtained by calculation) with that observed in the last image obtained during cataract surgery, no significant difference was seen. These results demonstrated the usefulness of this marking method because it clearly reduced the misalignment after surgery.
There are several studies on toric IOL rotation, 1, 2, [11] [12] [13] but to the best of our knowledge this is the first study to compare rotational stability between monofocal and multifocal toric IOLs and between different designs.
Moreover, in this study, monofocal toric IOLs were compared with the surgery protocol performed by the same surgeon. Toric IOL rotation after implantation was due to various mechanisms. Factors that may induce toric IOL rotation include postoperative intraocular pressure fluctuations, 18 reduced friction between the haptics and the capsular bags produced by an incomplete ophthalmic viscoelastic device removal, 19 or capsule size, 20 IOL design and materials, 12 and compression of the IOL from capsule shrinkage. 21 The current results indicated that rotation occurs in all of the lenses during the first hour after surgery and remains stable during the first month. These results were in agreement with others demonstrating that rotation occurred 1 hour after surgery. 12 The fact that the rotation takes place so quickly suggests that it might be a consequence of poor friction between the haptic and the capsular bag due to an incomplete ophthalmic viscoelastic device clearance, as previously suggested. Alternatively, it could be due to the size difference between the capsular bag and IOL diameter. A large diameter of the lens with respect to the capsule would produce more friction and therefore a minimal risk of rotation, but could provoke distortion of the capsular bag and zonules. Nevertheless, it is important to note that the preoperative calculation of the capsule size is complicated and there is not a clear relation between parameters such as corneal diameter and capsule size. 22 When the mean rotation among the different toric monofocal IOLs was compared, the AcrySof IQ and enVista toric lenses showed less rotation than the Lentis LT lens, although none of the lenses showed a mean rotation of more than 5°. Both the AcrySof IQ toric and enVista lenses are open-loop haptic lenses, whereas the Lentis LT is a plate-haptic lens. These characteristics may be the reasons for these variations 
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Copyright © SLACK Incorporated Implantation of Monofocal & Multifocal Toric IOLs/Garzón et al in the rotation among the different lenses. Nevertheless, it is important to indicate that these results were in disagreement with those described by Patel et al. 23 because they described plate-haptic lenses as more stable in terms of rotation than open-loop haptic lenses. Interestingly, Prinz et al. 12 found a similar rotational behavior between both lens designs. Surprisingly, the multifocal design of the AcrySof IQ toric IOL showed 2° more rotation than the monofocal design. It remains unclear whether the haptic design plays an important role in lens rotation and hence the controversy about which haptic design is better for rotational stability. More studies are needed to clarify this point.
Stephenson 24 reported 9% of patients implanted with the enVista toric lens showed a rotation of greater than 5°. This result is similar to that achieved with this lens in the current study. Our results were slightly worse than those reported by Chua et al. 11 for the AcrySof monofocal lens. The literature contained no information on the Lentis LT lenses for any comparison to be made. With respect to the AcrySof toric multifocal lens, our results contrast with those of other studies 14 that report a lens rotation of no more than 10°; in the current study, 17.68% of patients showed a rotation of at least this amount.
Postoperative UDVA was similar for all monofocal toric IOLs and also when we compared monofocal with multifocal lenses. The results presented here confirm the results described by other studies indicating that the use of toric IOLs permits patients to achieve good UDVA after surgery. 15, 25 With respect to UDVA, 0.1 logMAR or better was achieved with 66.4% of the monofocal toric lenses and with 46.4% of the multifocal toric lenses. Other studies with monofocal lenses have reported similar results with the AcrySof toric IOL [26] [27] [28] and enVista toric IOL. 24 The literature contains no reports on the Lentis LT lenses that would allow a comparison. Other studies 14 on the same multifocal lens report similar results to those of the current study.
One of the goals of the current study was to see how IOL rotation affects UDVA when different designs are used and to compare monofocal and multifocal lenses. A correlation was found between UDVA and rotation with monofocal and multifocal lenses, which was stronger in the case of toric multifocal IOLs. The correlation was positive in both cases, indicating that the higher the lens rotation, the higher the logMAR UDVA value obtained, and therefore worse visual acuity. It was expected that patients' visual acuity would be more affected by a greater rotation of the multifocal lenses. In this regard, the distorted image caused by residual astigmatism due to rotation was added to the loss of image quality due to the apodized diffractive design of multifocal toric IOLs. Still, the UDVA achieved by patients with multifocal toric IOLs was comparable to that obtained by patients with monofocal toric IOLs.
The new marking method for the alignment of toric IOLs is effective and it is not influenced by convergence, monocular cyclotorsion, or both. On the other hand, all toric IOLs studied (both monocular and multifocal) showed rotation 1 hour after surgery. This rotation was stable during the first month and had slightly more influence on UDVA after multifocal than monofocal toric IOL implantation. 
